
Techno-Economic Analysis of Li-ion Batteries 
in the Capacity Market with Different 

Degradation Models

Ahmed Fakhri UKES2019 Conference 

PhD student 05/09/2019

a.fakhri@tees.ac.uk

mailto:a.fakhri@tees.ac.uk


Introduction

Source: BEIS, Energy trends, 2019
Source: UK Grid watch, 2019



Energy-only markets

• Energy-only market only compensates 
generated MW that is actually produced

• Capacity is only indirectly compensated based on 
implicit supply agreements, such as futures 
contracts

• The question is what happens with the prices for
imbalances when there is a loss of load occasion
(LOLO). If there is a LOLO (i.e., demand larger
than available capacity), then this means that
there is at least one trader/retailer who sells power
without having that power to sell.



Energy-only markets

Source: Telegraph



Energy-only market failure

If there is a 
blackout,

The duration of the 
blackout depends 
on the generation 
capacity built to 

avoid them

The incentive to 
build new 

generation capacity 
depends on the 
price being paid 
during blackouts 
(scarcity prices)

this would result in 
the price rising 

without limit since 
demand is very 

inelastic

Since this is not 
desirable, the 
energy price is 

capped low.

That means there is 
“missing money,”

which implies there 
is low a level of 
investment in 

capacity.

because customers are unaware of the 

real-time price of electricity or have no 

reason to respond to them 

Source: Capacity market fundamentals, Cramton et.al,2013



Energy Storage in the CM

• Batteries can provide capacity services equivalent to a
traditional generator which reduces the need for
investment in new carbon intensive energy generation
plant (S. Forrester, et al. 2017)

• It is found that EES can not only enhance its business
case by participating in the CM but also of the potential
of reducing the cost of electricity to customers by
reducing the shortage hours (A. Khan, 2018)

• Most of the reviewed work either does not consider the
CM at all, or consider it but without degradation and
modelling batteries as simple energy in/out device

• Energy delivery in the CM can be requested at any 
time during the contract, batteries are required to 
remain in a fully-charged status for a long period to be 
able to discharge when a System Stress Event (SSE) 
occur (Gissey et.al, 2018)
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Methods

1- Battery models:

Li-ion cell ECM, 53Ah

Battery 

Cn = 53Ah, Vn = 3.7V

String: 12 cells in series, 3.7*12 

= 44.4V @53Ah

Module: 4 strings in parallel, 

4*53=212Ah @44.4V

Rack = 14 modules in series, 

15*44.4 = 666V @212Ah

Battery = 15 rack in parallel, 

14*212=2968Ah @666V

Total: 2968*666 ≈2 MWh

Number of cells (N) ≈  10080



Methods

1- Battery models:



2- Battery degradation models

A-Empirical (E) by Schmalstieg et.al

𝐶𝑙𝑜𝑠𝑡1 = 𝛼 𝑉𝑎𝑣, 𝑇 𝑡0.75 + 𝛽 𝐷𝑜𝐷, 𝑉𝑎𝑣 × 2𝐷𝑜𝐷𝑁𝑐𝐶𝑛  𝐼 𝑡 𝑑𝑡

B-Semi-Empirical (S) by NREL

𝐶𝑙𝑜𝑠𝑡2 = 𝑚𝑖𝑛 𝑄𝑙𝑖 𝑡, 𝑇, 𝑁𝑐 , 𝐷𝑜𝐷, 𝑉𝑜𝑐 𝑡 , 𝑄𝑛𝑒𝑔 𝑇, 𝐷𝑜𝐷,𝑁𝑐 , 𝑄𝑝𝑜𝑠 𝐷𝑜𝐷

C-Physics (P) by Jin and Liu

𝐶𝑙𝑜𝑠𝑡3 = න
0

𝑡

𝑖𝑠 𝑡 𝑑𝑡 + න
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𝑡

𝑆𝑜𝐶 𝑑𝜀𝐴𝑀 +

𝑖=1

𝑁𝑐

𝑄𝑆𝐸𝐼,𝑐𝑟𝑎𝑐𝑘



3- CM regulations and scenarios
Battery Capacity Connection 

Capacity                                   
De-rated 
capacity

Hours

2 MWh 2 MW 0.43 MW 0.5
2 MWh 2 MW 0.81 MW 1
2 MWh 1 MW 0.68 MW 2
2 MWh 0.5 MW 0.48 MW 4 0
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The Revenue (R) of the battery in the CM is calculated as:

𝑅 = 𝐶𝑑𝑒 𝜆𝑐𝑙 𝑓 + 𝑅𝑜𝑣 − 𝑝
Where

𝐶𝑑𝑒 = 𝑃𝑐 𝑘𝑑𝑒, 
𝑃𝑐 = 𝐼𝑏 𝑉𝑏𝑁, 

𝑝 = σ𝑖=1
𝑛 𝐶𝑢𝑛(𝑖)

𝜆𝑐𝑙

24
, 

𝑅𝑜𝑣 = 𝐶𝑜𝑣(𝑖) min(𝜆 ,
𝑝𝑇
𝐶𝑜𝑣𝑇

)

The degradation cost is

𝐸𝑙𝑜𝑠𝑡 = 𝐶𝑙𝑜𝑠𝑡 𝜆𝑑𝑒𝑔𝑟 𝑁

The capacity obligation (𝐶𝑜) during stress event is calculated:

𝐶𝑜 = σ𝑖=1
𝑛 𝐶𝑑𝑒𝐷𝑝(𝑖) − 𝐶𝑏(𝑖), 𝐷𝑝=

𝐷𝑝
𝑠𝑠𝑒

𝐶𝑎𝑐



Results 
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Conclusion

• In general, the results illustrate that degradation cost can significantly impact the potential profit from 
each battery 

• The battery with the 1h de-rating factor shows the highest revenue within the current CM regulations

• The empirical degradation model is simple but overestimate the capacity loss especially in the first 
cycles. It also underestimates the degradation at low temperatures. Keeping the temperature at 5ºC and 
at low SoC (20%) offers the highest profit

• In contrast, the semi-empirical model shows that the degradation cost is maximum at 5ºC and minimal 
at 25ºC with SoC(20%). It shows also a slight increase in the revenue for all cases because the battery 
capacity predicted shows an increase above nominal in the first 50 days of cycling 

• The physics model offer a deeper understanding for the complex degradation mechanisms inside the 
battery but it also underestimate the degradation at low temperatures. 

• Although the three models use the same battery chemistry data (NMC), but this does not necessarily 
means that extrapolation is possible outside the characterisation setup set when collecting the data
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